Objective: To determine whether there was any association between resistance to antibiotics and decreased susceptibility to antiseptics and disinfectants and their importance in clinical practice. Methods: We studied a large number of microorganisms isolated from ICU patients (high percentage of cases of antibiotic resistance). The antibiogram (Kirby-Bauer) was determined and, in parallel, the bactericidal effect was assessed by two methods, according to the product used: 1) Effect on rough material (endodontic files) in 10 min, using five disinfectants; 2) Effect on a skin equivalent (sterile cotton cloth) in 30 sec, for two alcohol solutions. A predictive equation of the bactericidal effects versus microorganisms' antibiogram was obtained by multivariate methods. Results: Bactericidal efficacy was very similar for all the products with the exception of 1% povidone-iodine. Within each product there were no significant differences between the three groups of microorganisms: "Enterobacteria", "Non Fermentative Gram Negative Bacteria" and "cocci". Multivariate study only obtained one significant equation: 1% chlorhexidine resistance was directly correlated with aztreonam resistance (OR = 2.16), while resistance to imipenem and to phosphomycin acted as protection factors (OR < 1). Conclusion: There is no necessary to change the indications for antiseptics or disinfectants in ICUs, except if aztreonam resistance is high. In which case is better to use greater concentration than 1% of Chlorhexidine.
Introduction
The correlation between resistance to antibiotics and decreased susceptibility to disinfectants has been studied fairly extensively. For example, Barbee [1] established a correlation between resistance to gentamicin and a decreased susceptibility to propamidine, quaternary ammonium compounds, and ethidium bromide; Cookson [2] and Fayer [3] found decreased susceptibility to quaternary ammonium compounds in methicillin-resistant Staphylococcus aureus (MRSA) versus other variants of this microorganism susceptible to methicillin (MSSA). However, MRSA and MSSA were equally susceptible to phenols and chlorhexidine.
In an earlier study [4] we found that one of the disinfectants most used in high level disinfection, orthophthalaldehyde (OPA), when exposed to P. aeruginosa recently isolated from patients, produced a weaker bactericidal effect than on reference strains (ATCC). But when using different microorganisms, this correlation was already not in evidence [5] .
The importance in clinical practice of the correlation between antibiotic resistance and decreased susceptibility to disinfectants and antiseptics is open to debate [6] [7] . Moreover, we need to bear in mind that MICs to disinfectants are calculated on 24 h of exposure (as with antibiograms), whereas in practice these products should act in just a few minutes [8] .
It has been shown that it is possible for pathogenic agents to develop a greater tolerance to disinfectants to which they are exposed. However, this is of no great importance in clinical practice as these tolerance levels are low and disinfectants are used in high concentrations [6] [9] [10]- [12] . Looking at triclosan they discovered that at low concentrations there were indeed cases of resistance to this product, but this was of no consequence in normal practice as this compound was used at higher concentrations [13] - [15] . This is why Maillard [16] in 2007, believes that the lack of testing for bacterial resistance in clinical practice, and the inability to correlate the bacterial resistance found in in vitro experiments with real-life situations, stands in the way of forming any adequate assessment as to whether the bacterial resistance that is beginning to emerge in the healthcare environment should be (or not) a cause for real concern.
Other authors consider that the use of disinfectants and antibiotics can facilitate the development of resistance to antibiotics because they share with them certain mechanisms of action [6] [17] . But this does not explain why the use of antiseptics/disinfectants selects organisms that are naturally antibiotic-resistant or mutants that survive in nature [16] [18]- [20] .
Apart from which, there are fundamental differences between the action mechanisms of antibiotics and those of disinfectants. Antibiotics are selectively toxic and generally they have a single point of action in bacteria, inhibiting a specific biosynthetic process. Disinfectants are not specific because they have a multiple toxicity effect or have various points of action within the cell [10] [12] .
At all events there is a concern that extensive use of biocides could lead to a decrease in their efficacy by selecting resistant microorganisms, and it is therefore proposed in the future to monitor biocides so that, if strong resistance does occur, decisions can be taken immediately as to whether this substance is more of a risk than a benefit [21] .
Material and Methods
Our aim was to determine whether there was any correlation between decreased bactericidal effect and antibiotic resistance using bivariate or multivariate methods, studying a large number of microorganisms recently isolated from ICU patients (with a greater frequency of antibiotic resistance, [22] ). The main indication of antibiotics in ICUs was to treat nosocomial infections (confirmed or suspected), based on the antibiogram of isolated microorganisms from these patients.
The efficacy of antiseptics and disinfectants is measured with bactericidal effect in a given time. This was done by two different methods: 1) Determination of the bactericidal effect on a rough instrument model (endodontic files). The endodontic files (as a model of rough material to be disinfected), were contaminated with a microorganism suspension (48 h cultures that usually give counts of 10 8 CFU/ml) by immersion for 15 min, after which they were left to dry for 15 min on a sterile surface (Petri dish not containing any culture medium and sterile, set at an incline of 30˚). The file was then submerged in a tube with 7 cm of disinfectant for 10 min while stirring, after which time the file was transferred (aseptically) to a tube with 7 ml of inhibitor and 0.5 g of 1 mm diameter glass beads. It was vortexed for 1 min at 1000 rpm, and, from it, aliquots (at least 2) of 0.1 ml were obtained, which were used to seed culture plates (blood or Saboureaud agar for fungi). They were incubated at 37˚C for 48 h, after which the number of CFUs surviving exposure to the antimicrobial agent was counted. This number was compared with that found on the control dishes prepared using the same method as detailed above, but this time placing the germ-carrier into sterile distilled water instead of disinfectant; and in order to facilitate the microbial count the seeding was not done directly from the inhibitory broth, but instead by preparing 1:100 and 1:1000 serial dilutions.
The method used gave results that were in agreement with the European germ-carrier, which is of smooth glass (prEN 14561), but adjusting the cut-off point from 5 log 10 reduced to 3.5 for bacteria and fungi [4] , as it involved passing a more difficult functional test, given that the germ-carrier had a rough surface.
2) Bactericidal effect on skin or equivalent [23] The germ samples used were isolated from various patients in the ICU at La Paz Hospital. The germ carrier of skin or rough fabric (as a model of human skin) 0.5 cm in diameter was contaminated with 10 µl of microorganism suspension (10 9 CFU/ml) and left to dry for 15 min on a plate inclined at 30˚. Next, this piece of fabric was placed in the antiseptic for 30 sec, withdrawn from the germicide with sterile tweezers, and submerged in a tube containing 2.5 ml of inhibitor for 1 min. After that it was vortexed at 1000 rpm for 1 min. Next, 2 samples of 0.1 ml of this suspension were seeded on plates of blood agar. The control samples followed the same processes as described above, except that instead of being passed through disinfectant they were passed through distilled water; finally, 2 dilutions were performed: one of 1:100 and the other of 1:1000.
Statistical analysis:
The results of the bactericidal effects obtained with both methods were expressed as a log 10 reduction, ob-tained from the difference between the log 10 of the control microorganisms and the log 10 of the findings following the action of the disinfectant. When no surviving microorganism were obtained following the action of a disinfectant (which would be a log 10 = −∞) a standardization was performed putting 5.5 log 10 as the reduction factor obtained after disinfection.  Bivariate analysis: Student's t-test, ANOVA for the quantitative variables and χ 2 for the qualitative variables with respect to the bactericidal effect and antibiotic resistance.  Multivariate analysis: Logistic regression, using the resistance to different antibiotics as dependent variables and the bactericidal effect, the product, and the microorganism as independent variables. The statistical significance assessment was performed by calculating the −2*log-likelihood. By default, 0.05 was used as the point of entry of one variable in the model, and 0.10 for its exit. The results were expressed in tables showing the variables finally included, together with their coefficient b, their associated standard error, the statistical significance, and lastly the term e β , which represents the magnitude of their effect adjusted for the remaining variables, expressed as an odd ratio (OR) and their 95% confidence interval. In addition, the overall goodness of fit of the models was assessed by graphic representation of the values for Susceptibility and 1-Specificity in ROC (Receiver Operating Characteristics) curves.
Results
In assessing the bactericidal effect, a different overall efficacy is found according to the product used ( Table 1) . Bactericidal efficacy was very similar for all the products with the exception of 1% povidone-iodine. Within each product there were no significant differences between the three groups of microorganisms: "Enterobacteria", "Non fermentative Gram negative bacteria (NFGNB)" and "cocci"
Comparing the product and the antibiogram with the bactericidal effect, we find the results shown in Table 2 , the following of which are of special interest:
The bactericidal effect of OPA is similar in the presence of strains susceptible or resistant to every one of the tested antibiotics.
The bactericidal effect of chlorhexidine showed a significant (p < 0.05) correlation with resistance to levofloxacin and a nearly-significant (p between 0.05 and 0.1) correlation with resistance to sulfamethoxazole trimethoprim and phosphomycin, but in all these cases the antibiotic-resistant strains were more susceptible (had a stronger bactericidal effect) to chlorhexidine. With povidone-iodine we found that the resistance to three antibiotics-aztreonam, ceftazidime, and tazobactam-were correlated with a weaker bactericidal effect for the antiseptic, but of these, only aztreonam reached a level of statistical significance (p < 0.05).
Benzalkonium chloride showed two types of correlation: the greatest susceptibility to the disinfectant was correlated with microorganisms most sensitive to aztreonam (p < 0.05), while the strains resistant to sulfamethoxazole trimethoprim exhibited a weaker bactericidal effect, although with these their p was between 0.05 and 0.1.
Of the two alcohol solutions, only alcohol + chlorhexidine + benzalkonium chloride showed a significant result, a stronger bactericidal effect being correlated with resistance to aztreonam.
With the data from the previous tables we could be sure that the resistance to the various antibiotics was of little relevance when looking for variations in the sensitivity to disinfectants, as this did not vary because the microorganisms were antibiotic-resistant, and in the few significant cases antibiotic-resistance showed a significant correlation with greater susceptibility to antiseptics and disinfectants (3 cases) than vice-versa (1 case).
Multivariate analysis:
We carried out a multivariate study of the bactericidal effects of disinfectants and antiseptics as against their antibiotic resistance, according to the type of microorganism; this gave us different results depending on the bactericidal effect cut-off point.
We defined antiseptic or disinfectant resistance as having a bactericidal effect on rough-germ-carrier of less than 3.5 log 10 which was defined as a "disinfection failure" in a previous work [4] . The microorganisms and S or R to antibiotics were included as predictive variables.
Only one logistic regression equation with a good fit was obtained: Resistance vs. Susceptibility to 1% chlorhexidine: P/1-P = 0.28 − 0.97 (imipenem) + 0.77 (aztreonam) − 0.99 (phosphomycin)
In other words, 1% chlorhexidine resistance was directly correlated with aztreonam resistance (OR = 2.16), while resistance to imipenem and to phosphomycin acted as protection factors (OR < 1). In this case the microorganism did not influence the fit of the equation, which was why it was not included as a predictive variable.
Discussion
The bactericidal method allowed a true assessment of the antimicrobial efficacy of antiseptics and disinfectants, so that while it was possible to establish a correlation between antibiotic resistance and decreased efficacy of those biocides in the time indicated for them, it would be necessary to adjust the standards of asepsis and disinfection according to the antibiotic-resistant microorganisms actually obtained or that could be expected (based on previous treatments, etc.) in a patient, mainly if they are in ICUs [22] .
Overall, however, and after investigating a large number of microorganisms, this correlation was not a factor, and even in those few cases in which it was of significance, the tendency was in the opposite direction, i.e. antibiotic resistance correlated with greater susceptibility to antiseptics and disinfectants. This means that antibiotic resistance modified chemical structures or reactions that had nothing to do with those responsible for decreased biocide susceptibility; one could even say that these modifications meant a selective disadvantage not only as regards proliferation of microorganisms in their natural reservoirs, but also in the presence of antiseptics and disinfectants.
Another aspect to consider is the bactericidal effect cut-off point. The reduction of 3.5 log 10 was the best, given the type of germ-carrier used, as it equated to what in clinical practice would be regarded as a failure of disinfection or antisepsis, but with this cut-off point resistance to any antibiotic, after checking the effect of other variables in multivariate methods, was scarcely apparent (except in the case of chlorhexidine, a product that acts on the cytoplasmic wall and proteins, and resistance to aztreonam, an antibiotic that acts on the wall, with an OR of 2.1; imipenem and phosphomycin also entered the equation, but as protection factors, despite the fact that they too act on the bacterial wall). This disinfection failure, can be interesting due to a great use of chlorhexidine in modern hospital mainly in ICU and the great percentage of resistance to aztreonam in Enterobater or Serratia (>60% according ENVIN-HELIC multicenter study, 2013, [25] ). In these cases, greater concentration of 1% chlorhexidine, sould be used, e.g. 2%, as it is included in some Guides [26] - [28] .
No significant disinfection or antisepsis failure was found in the remaining products, associated to antibiotic-resistance.
If we extend the cut-off point to 5 log 10 reduced, the bacteria are classed as "sensitive" or "extremely sensitive" to biocides and make it possible to find better fits in the multivariate equations, like resistance to aminoglycosides and beta-lactams, but acting as protection factors (whilst more resistant to these antibiotics, they are more susceptible to OPA and benzalkonium chloride). Much the same happens with the resistance to quinolones, phosphomycin and tazobactam in relation to the susceptibility to chlorhexidine or OPA. Lastly, normal susceptibility to these two disinfectants correlated only with resistance to sulfamethoxazole trimethoprim.
Conclusions
 On the whole, there was no correlation between antibiotic resistance and decreased susceptibility to antiseptics or disinfectants, but if the number of included microorganisms is high, it is possible to predict susceptibility or some resistance to divers antiseptic or disinfectants, according to antibiotic resistance of bacteria.  There is no necessity to change the indications for these products in ICUs and other departments in which a higher proportion of antibiotic-resistant microorganisms are isolated, except for 1% chlorhexidine, due to aztreonam-resistance is a risk factor to failure. If aztreonam resistance is high in an ICU (e.g. in Enterobacter or Serratia), to use a chlorhexidine concentration greater of 1% (e.g., 2%).  In the contrary sense, resistance to other antibiotics (except sulfamethoxazole trimethoprim) acts as protection factors of decreased susceptibility of antiseptics or disinfectants.
